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UHILQHU\K\GURFUDFNLQJUHDFWRUHIIOXHQWDLUFRROHU5($&LVDQLPSRUWDQWSURGXFWLRQGHYLFHLQSHWURFKHPLFDOSODQW
,Q WKH ODUJHVFDOH RI SHWUROHXP UHILQLQJ HTXLSPHQW SRRU TXDOLW\ RI UDZ RLO KDUVK RSHUDWLQJ FRQGLWLRQV RI
GHYHORSPHQW SURFHVV WKHUH DUH PDQ\ FRPPRQ DFFLGHQWV VXFK DV EXQGOH GHIRUPDWLRQ FRUURVLRQ OHDNDJHV VDOW
VHGLPHQWDWLRQEXUVWSLSHVDQGHWF>@6LQFHRQHSHWURFKHPLFDOFRPSDQ\KDVSURFHVVHGORZTXDOLW\UDZRLO WKHUH
ZHUHDWRWDORIHLJKWXQSODQQHGDQGXQH[SHFWHGDFFLGHQWVLQFOXGLQJEHQGLQJWXEHVRI5($&IURPWR,Q
WKLVSDSHURQHFRPSDQ\¶VEXQGOHGHIRUPDWLRQRIDLUFRROHUZDVVWXGLHGDQGWKHVSRWPRUSKRORJ\ZDVVKRZQLQ)LJ
%\QRZWKHPDLQPHDVXUHVDUHEHLQJWDNHQWRXSJUDGHPDWHULDORIEXQGOHWKRXJKWLWFRXOGHIIHFWLYHO\LPSURYH
WKHFRUURVLRQUHVLVWDQFHRIDLUFRROHUV\VWHPLWFRXOGQ¶WRYHUFRPHWKHEXQGOHGHIRUPDWLRQGXULQJRSHUDWLRQV

 
)LJ%XQGOHGHIRUPDWLRQPRUSKRORJ\RI$LU&RROHU
&RUURVLRQLQYHVWLJDWLRQ
2QHUHILQHU\KDVVL[5($&V\VWHPVV\PERO(&(&(&(&(&DQG(&LQ
SURSHURUGHU7KHVXUIDFHWHPSHUDWXUHRIDLUFRROHUWXEHVZHUHPHDVXUHGILQGLQJIDLOXUHSKHQRPHQRQRIWXEHVIRU
VRPHGHJUHHDQGWKHVXUIDFHWHPSHUDWXUHGLVWULEXWLRQRIEXQGOHZDVXQHYHQ7KHIDLOXUHVWDWLVWLFVRQLQYDOLGWXEHV
ZDVVKRZQLQ7DEOH
7DEOH7KH)DLOXUH6WDWLVWLFVRQ,QYDOLG7XEHV
 1RUPDO 6WDUWIDLOXUH %DVLFIDLOXUH &RPSOHWHIDLOXUH 6XP
(&     
(&     
(&     
(&     
(&     
(&     

7KHDQDO\VLVRIIRXOLQJVKRZHGVRPHUXVWFDWDO\VWSRZGHUDQGDVPDOODPRXQWRIVDOW7KHUHVXOWVVKRZHGWKDWD
SDUWLDO EORFNDJHKDVPDLQO\ FDXVHG WKH EXQGOH GHIRUPDWLRQ)URP WKH DQDO\VLV RI UHPRYHG DLU FRROHU WKHUHZHUH
PDQ\GHSRVLWVDQGREYLRXVELDVSKHQRPHQRQLQLQOHWER[+RZHYHUWKHEDIIOHSLSHVDQGRXWOHWKHDGHUVDOPRVWKDG
QR VHGLPHQW LQGLFDWLQJ WKDW IRXOLQJ PDLQO\ FDPH IURP WKH XSVWUHDP GHYLFHV RI DLU FRROHU 7KH FRUURVLRQ
PRUSKRORJ\LVVKRZQLQ)LJ
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 
)LJ7KH&RUURVLRQ0RUSKRORJ\RI$LU&RROHU
7KHDQDO\VLVRIEHQGLQJFDXVHVLQDLUFRROHUV\VWHP
3.1. Failure mechanism analysis 
3.1.1. High-temperature H2S/H2 Corrosion 
'XULQJWKHSURFHVVLQJRIKLJKVXOIXUFUXGHRLOVXOIXUFRQWHQWKDVURVHIURPDORZRISSPWRSSPLQ
ZKLFKDFKLHYHGWKHOLPLWFRQGLWLRQVRIGHVLJQYDOXHLQRQHSODQW7KHUHIRUH+6FRQWHQWKDVUDSLGO\LQFUHDVHG
LQUHDFWLRQHIIOXHQWDIWHUK\GURFUDFNLQJFDXVLQJKLJKWHPSHUDWXUH+6+FRUURVLRQZKLFKZRXOGGDPDJHWKHKHDW
H[FKDQJHU GHYLFHV 7KHQ FRUURVLRQ SURGXFWV ZLOO HQWHU WKH VXEVHTXHQW DLU FRROHU DORQJ ZLWK UHDFWLRQ HIIOXHQW
FDXVLQJSLSHVEORFNDJH
3.1.2. Multiphase flow erosion 
:DWHUSRLQWVDUHXVXDOO\VHWXSLQIURQWRIDLUFRROHUV\VWHPVRWKH+6DQG1+LQJDVHRXVSKDVHFDQGLVVROYHLQ
WKH DTXHRXV WR IRUP D UHODWLYHO\ FRQFHQWUDWLRQRI1++6FRUURVLYH VROXWLRQ WKDWZLOO EH HDVLO\ FDXVLQJ HURVLRQ
FRUURVLRQ>@
3.2. Principle of process simulation 
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)LJ7KH0RGHORI3URFHVV
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7RREWDLQ RLOJDVZDWHU WKUHH SKDVH V\VWHP DW ERWK LPSRUW DQG H[SRUW RI DLU FRROHU HVWDEOLVKLQJ IODVK SURFHVV
PRGHO DQG XWLOL]LQJ WKH SULQFLSOH RI PDWHULDO FRQVHUYDWLRQ EDVHG RQ +<6<6 D SURFHVV VLPXODWLRQ VRIWZDUH
DFFRUGLQJWRSURFHVVDQGW\SLFDORSHUDWLRQSDUDPHWHUVRIDLUFRROHUFRQGLWLRQV+<6<6VRIWZDUHFDQDXWRPDWLFDOO\
JHQHUDWH+&+& LQWHUDFWLRQSDUDPHWHUV IRU QRQOLEUDU\ RU K\GURFDUERQYLUWXDO FRPSRQHQWVZKLFK LPSURYLQJ WKH
IRUHFDVW RI YDSRUOLTXLG HTXLOLEULXP SURSHUWLHV )RU WKH EDODQFH V\VWHP RI WKUHH SKDVH LQFOXGLQJ DTXHRXV RWKHU
K\GURFDUERQV DQG QRQK\GURFDUERQ WKH VHOHFWHG 35 HTXDWLRQ FDQ DFFXUDWHO\ FDOFXODWH WKUHHSKDVH IODVK ZKLFK
GLUHFWO\JHQHUDWLQJWKHUHTXLUHGEDODQFHGDWDVDQGWKHUPRG\QDPLFSURSHUW\GDWHV>@7KHSURFHVVPRGHOLVVKRZQLQ
)LJ
:KHQWKHFRUURVLYHPXOWLSKDVHIOXLGIORZHGWKURXJKWKHWXEHVDWDFHUWDLQYHORFLW\WKHIOXLGLWVHOIKDGDFHUWDLQ
YLVFRVLW\ SURGXFLQJ D ODUJH ORDGV WKDWZDV D VXIILFLHQWO\ ODUJH VKHDU DQG FRPSUHVVLYH VWUHVVHV LQ5($& V\VWHP
IRUFLQJFRUURVLRQSURGXFH¶VSURWHFWLRQILOPGHIRUPHGDQGEURNHQDW WKH LQQHUZDOORI WXEHEXQGOHDQGXOWLPDWHO\
HURGHGWKHERG\RIPDWHULDO
3.3. Checking Model of Instability Bundle 
$LUFRROHU WXEHVGHIRUPDWLRQKDVD VLJQLILFDQW LPSDFWRQ WKH VWUHQJWKDQGVWDELOLW\RI WXEHEXQGOH7KHEXQGOH
WHQVLOHVWUHQJWKIOH[XUDOVWUHQJWKDQGFRQQHFWLRQVWUHQJWKEHWZHHQWXEHVDQGWXEHVKHHWVFDQFKHFNHGE\PHFKDQLFDO
FDOFXODWLRQ7KHEXQGOHIRUFHGLDJUDPLVVKRZQLQ)LJ


)LJ7KH%XQGOH)RUFH'LDJUDP
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ZKHUH tE LV WKHHODVWLFPRGXOXV0SD
t
sV LV WKH\LHOG VWUHQJWKDWGHVLJQHG WHPSHUDWXUH0SD FU/ LV HTXLYDOHQW
OHQJWKLLVWKHUDGLXVRIJ\UDWLRQPP rC LVGHWHUPLQHFRHIILFLHQW
5HVXOWVDQG'LVFXVVLRQ
4.1. Calculation of rust from a high temperature H2S/H2 corrosion 
7KLVSDSHULVVSHFLILFDWLRQRIUHVHDUFKWDUJHWZLWKRQHHQWHUSULVH5($&FRQGXFWLQJKLJKWHPSHUDWXUH+6+LV
FRUURVLRQ UDWH DQG WKH DPRXQW RI FRUURVLRQ FDOFXODWLRQ 7KH VSHFLILF SURFHVV DQG RSHUDWLQJ FRQGLWLRQV RI 5($&
V\VWHPLVVKRZQLQ)LJ


)LJ7KH6SHFLILF3URFHVVDQG2SHUDWLQJ&RQGLWLRQVRI5($&6\VWHP
7DEOH7KH%DVLF3DUDPHWHUVRI+HDW([FKDQJHU
%LW1XPEHU $PRXQW 0DWHULDO +HDW([FKDQJH$UHD
($  DXVWHQLWLFVWDLQOHVVVWHHO P
($  DXVWHQLWLFVWDLQOHVVVWHHO P
($  DXVWHQLWLFVWDLQOHVVVWHHO P
($  0RORZDOOR\VWHHO P

,QWKLVSDSHUWDNLQJWKHWZLFHVHULHVIRUVWXG\WKHUHDFWLRQHIIOXHQWIORZVLQWRWKHKHDWH[FKDQJHU($($
($($WKHQHQWHUHGWKH(&DLUFRROHUDQGDVXEVHTXHQWSURFHVVDIWHUFUDFNLQJUHDFWRU'&7KHEDVLF
SDUDPHWHUVRIKHDWH[FKDQJHUGHYLFHLVVKRZQLQ7DEOH
7KH+6YROXPHFRQFHQWUDWLRQFDQFDOFXODWLRQZLWKLQć̚ćEDVHGRQWKH$63(1SURFHVVPRGHOLQJDQG
VLPXODWLRQDVVKRZQLQ)LJ
&RPELQHG ZLWK &RXSHU FXUYH ZKLFK LV VKRZQ LQ )LJ JHWWLQJ WKH FRUURVLRQ UXVW UHDFKHG  NJD LQ KHDW
H[FKDQJHU7KHQFRUURVLRQSURGXFWVIORZHGLQWRDLUFRROHUZLWKWKHUHDFWLRQHIIOXHQWZKLFKFDXVLQJFORJJLQJULVN

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
)LJ9ROXPHFRQFHQWUDWLRQRI+6DWGLIIHUHQWWHPSHUDWXUH


)LJ&RXSHUFXUYH
4.2. Calculation of rust from NH4HS erosion corrosion 
5HDG WKH RSHUDWLRQ SDUDPHWHUV RI DLU FRROHU E\ '&6 FRQWURO V\VWHP PRGHOLQJ DQG VLPXODWLQJ WKH FRUURVLYH
PHGLXPLQDLUFRROHUE\+<6<6ˈZKLFKLVXVHGIRUSURFHVVVLPXODWLRQ6RWKDWZHFDQJHWWKHJDVZDWHUWZRSKDVH
EDODQFHV\VWHPRIWKHPXOWLSKDVHIORZLQLQOHWDQGRXWOHWRIDLUFRROHU
7KHEDVLFVL]HRILQOHWDQGRXWOHWSLSHVRIDLUFRROHUZKLFKLVFROOHFWHGE\ILHOGLQYHVWLJDWLRQDVVKRZQLQ7DEOH


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7DEOH0DVVIORZRIJDVZDWHUWZRSKDVHDWLQOHWDQGRXWOHW
SK\VLFDOSURSHUW\
,PSRUWRIJDV
SKDVHć
,PSRUWVRIOLTXLG
SKDVHć
([SRUWRIJDV
SKDVHć
([SRUWRIOLTXLG
SKDVHć
0DVVIORZUDWHNJK    
7DEOH0RODUIORZRIHDFKSKDVHFRPSRQHQWDWLQOHWDQGRXWOHW
0ROH)ORZ ,PSRUWRIJDVSKDVHć
,PSRUWVRIOLTXLGSKDVH
ć
([SRUWRIJDV
SKDVHć
([SRUWRIOLTXLG
SKDVHć
+2    
1+    
+6    
6  î  î
7DEOH7KHEDVLFVL]HRILQOHWDQGRXWOHWSLSHVRIDLUFRROHU
6HULDO1XPEHU 1DPH 'DWD
 H[WHUQDOGLDPHWHUîZDOOWKLFNQHVVPP î
 PDWHULDO FDUERQVWHHO

7KHFRUURVLRQTXDOLW\RI)H6LVNJDZKLFKFDQEHFDOFXODWHGE\WKHFRUURVLRQFXUYH7KHFXUYHLVREWDLQHG
WKURXJK+<6<6VLPXODWLRQ DQGPXOWLSKDVH IORZHURVLRQRI FDUERQ VWHHO >@7KHUH LV D ULVN RI FORJJLQJ WKDW WKH
FRUURVLRQSURGXFWVHQWHUWKHDLUFRROHUZLWKPXOWLSKDVHIORZ
4.3. Instability and check calculation of the air cooler tubes 

)LJ'HIRUPDWLRQDQG&RRUGLQDWLRQ6NHWFK
$ULVNDVVHVVPHQWRIPHFKDQLFDOVWUHQJWKRIDLUFRROHULVGRQHFRUUHFWO\DVIROORZVDPRGHOLVHVWDEOLVKHGZKLFK
FRPELQHWKHSOXJSLSHVDV12SLSHDQGFRPELQHWKHUHVWRIWKHSLSHVDV12SLSH'HIRUPDWLRQDQGFRRUGLQDWLRQ
DVVKRZQLQ)LJ)LJXUH$LVWKHQRUPDORSHUDWLRQVWDWHRISLSHV)LJXUH%LVWKHIUHHGHIRUPDWLRQVWDWHRISLSHV
ZKLFKLVEORFNHGXS)LJXUH&LVWKHVWDWHRIGHIRUPDWLRQDQGFRRUGLQDWLRQRISLSHV
7KH EORFNDJH WHPSHUDWXUH SUHVVXUH EDODQFH HTXDWLRQ RI SLSHV FDQ EH REWDLQHG ZKLFK LV FRPELQHG ZLWK WKH
VWUXFWXUHSDUDPHWHUVRIWKHDLUFRROHU
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FRPSUHVVGHIRUPDWLRQP
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$LUFRROHUPHFKDQLFDOSHUIRUPDQFHSDUDPHWHUVLVVKRZQLQ7DEOHDOORZDEOHSXOORIIIRUFHLV0SDIRUWKH
PDWHULDORIWXEHVZKLFKLVJUHDWHUWKDQWKHPD[LPXPD[LDOWHQVLOHVWUHVVJXDUDQWLQJWXEHVDQGWXEHVKHHWVZRQ¶WSXOO
RIIDQGOHDN7KDWLVWRVD\WKHWXEHVDQGWXEHSODWHFRQQHFWLRQVWUHQJWKVHFXULW\
7DEOH7KHDLUFRROHUPHFKDQLFDOSHUIRUPDQFHSDUDPHWHUV
6HULDO1XPEHU 1DPH 8QLW 'DWD
 %XQGOHPDWHULDO  FDUERQVWHHO
 GHQVLW\ NJP î
 SRLVVRQ
VUDWLR  
 \LHOGVWUHQJWK 03D 
 VWUHQJWKRIH[WHQVLRQ 03D 
 :HOGLQJDOORZDEOHSXOOHGRIIIRUFH 03D 
%\WHPSHUDWXUHVWUHVVHTXDWLRQZKHQQLVODUJHUWKDQIRUHFDVWLQJD[LDOIRUFHLVJUHDWHUWKDQWKHWXEHEXQGOH
LQVWDELOLW\DOORZDEOHVWUHVVUHVXOWLQJLQGHIRUPDWLRQRIWKHEXQGOH
2SWLPL]DWLRQPHDVXUHV
 ,QFUHDVHWKHZDVKZDWHUDQGDGGPL[HUDIWHUWKHLQMHFWLRQSRLQWWRGLVVROYHPRUH1++6FU\VWDOV
 ,QFUHDVHK\GURGHVXOIXUL]DWLRQWRDYRLG1++6FU\VWDODWDKLJKWHPSHUDWXUHDQGUHGXFHWKHULVNRI1++6
VDOWFORJ
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